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(57) ABSTRACT

The present invention discloses an object tracking apparatus
including a reference object, an optical sensor and a control-
ler. The reference object has a plurality of light emitting
devices, for generating an optical signal. The optical sensor is
for detecting the optical signal and generating an identifica-
tion signal in response to the optical signal. The controller is
for generating a control signal according to the identification
signal and outputting the control signal to the reference
object, thereby adaptively adjusting a light emitting number
or light emitting intensity of the plurality of light emitting
devices. The present invention discloses a method for con-
trolling an object tracking apparatus.

14 Claims, 10 Drawing Sheets
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Providing a reference object having
plural light emitting devices, for
generating an optical signal. Arranging
the plural light emitting devices in a
predetermined shape, wherein the plural
light emitting devices are sequentially
turned on at different timings to generate
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OBJECT TRACKING APPARATUS AND
CONTROL METHOD THEREOF

CROSS REFERENCE

The present invention claims priority to TW 101133228,
filed on Sep. 12, 2012.

BACKGROUND OF THE INVENTION

1. Field of Invention

The present invention relates to an object tracking appara-
tus and a control method of an object tracking apparatus;
particularly, it relates to such object tracking apparatus and
control method capable of adaptively adjusting an optical
signal from a light emitting unit to reduce power consump-
tion.

2. Description of Related Art

Electronic game apparatuses currently provide three-di-
mensional animation scenes with brilliant images and realis-
tic sound effects. Players can enjoy real time interactive enter-
tainment by controlling specific objects shown in the game.
That is, the players can utilize an indexing device to control an
object in the game, which is for example a role, and interact
with the plot or even using high controlling skills to complete
missions in the game. Generally, these electronic game appa-
ratuses adopt an imaging sensor to capture an optical signal
emitted from a reference point at a displaying end. In prior art,
the reference point is formed by plural light emitting diodes
with fixed number and intensity regardless of the relative
distance between the image sensor and the reference point,
and the plural light emitting diodes are arranged as a straight-
line, so the intensity and the shape of the reference point
always remain the same. Such conventional electronic game
apparatuses consume power unnecessarily.

In view of the above, to overcome the drawback in the prior
art, the present invention proposes an object tracking appara-
tus and a control method of the object tracking apparatus,
which is capable of adaptively adjusting the light emitting
intensity and the shape of the reference point, thereby greatly
improving the accuracy to identify the reference point and the
overall control quality.

SUMMARY OF THE INVENTION

A first objective of the present invention is to provide an
object tracking apparatus.

A second objective of the present invention is to provide a
control method of an object tracking apparatus.

To achieve the above and other objectives, from one per-
spective, the present invention provides an object tracking
apparatus, comprising: a reference object having a plurality
of light emitting devices, for generating an optical signal; an
optical sensor for detecting the optical signal and generating
an identification signal in response to the optical signal; and a
controller for generating a control signal according to the
identification signal and outputting the control signal to the
reference object, thereby adaptively adjusting a light emitting
number or light emitting intensity of the plurality of light
emitting devices.

From another perspective, the present invention provides a
control method of an object tracking apparatus, comprising:
providing a reference object having a plurality of light emit-
ting devices, for generating an optical signal; detecting the
optical signal and generating an identification signal in
response to the optical signal; and generating a control signal
according to the identification signal and outputting the con-
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trol signal to the reference object, thereby adaptively adjust-
ing a light emitting number or light emitting intensity of the
plurality of light emitting devices.

In one embodiment, the plurality of light emitting devices
are arranged in a predetermined shape, wherein the predeter-
mined shape does not repeat when is rotated by a rotation
angle between 0 degree and 360 degrees except that the pre-
determined shape rotated at 360 degrees repeats the predeter-
mined shape rotated at O degree.

In one embodiment, the plurality of light emitting devices
are sequentially turned on at different timings to generate the
optical signal.

In one embodiment, the optical signal includes a visible
light signal, an infrared light signal or an electromagnetic
wave signal.

In another embodiment, the object tracking apparatus fur-
ther comprises a communication unit for transmitting the
identification signal to the controller. The communication
unit includes an infrared transmitting/receiving interface or a
radio frequency transmitting/receiving interface.

In yet another embodiment, the controller generates angle
information related to a relative angle rotation of the refer-
ence object with respect to the optical sensor or position
information related to a relative position of the reference
object with respect to the optical sensor.

In still another embodiment, the controller compares the
identification signal with a predetermined reference basis to
generate a comparison result and generates the control signal
according to the comparison result.

In one embodiment, the control signal adjusts the light
emitting number or the light emitting intensity ofthe plurality
of light emitting devices, so that the plurality of light emitting
devices which emit light form a predetermined shape. When
the optical sensor fails to detect and recognize the predeter-
mined shape, the control signal increases or decreases the
light emitting number of the plurality of light emitting
devices, and/or enhances or reduces the light emitting inten-
sity of the plurality of light emitting devices.

The objectives, technical details, features, and effects of
the present invention will be better understood with regard to
the detailed description of the embodiments below and with
reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a block diagram of an object tracking appa-
ratus according to a first embodiment of the present invention.

FIG. 2 shows a schematic view of an object tracking appa-
ratus according to the first embodiment of the present inven-
tion.

FIG. 3A illustrates that the object tracking apparatus of the
first embodiment of the present invention adaptively adjusts
the optical signal generated by the reference object.

FIG. 3B illustrates that the object tracking apparatus of the
first embodiment of the present invention adaptively adjusts
the optical signal generated by the reference object.

FIG. 4A shows a shape of the reference object formed by an
arrangement of the plural light emitting devices.

FIG. 4B shows another shape of the reference object
formed by an arrangement of the plural light emitting devices.

FIG. 4C shows another shape of the reference object
formed by an arrangement of the plural light emitting devices.

FIG. 4D shows another shape of the reference object
formed by an arrangement of the plural light emitting devices.

FIG. 5 illustrates that the optical sensor of the object track-
ing apparatus is rotated clockwise by 30 degrees.
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FIG. 6A illustrates that the plural light emitting devices of
the reference object are sequentially turned on at different
timings.

FIGS. 6B-6C illustrates that by sequentially turning on the
light emitting devices at different timings the accuracy to
identify the reference object is improved.

FIG. 7 shows a block diagram of an object tracking appa-
ratus according to a second embodiment of the present inven-
tion.

FIG. 8 shows a flowchart of a control method of the object
tracking apparatus according to a third embodiment of the
present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Please refer to FIG. 1, which shows a block diagram of an
object tracking apparatus according to a first embodiment of
the present invention. The object tracking apparatus 100 of
this embodiment comprises a reference object 12, an optical
sensor 13 and a controller 14. The reference object 12 has, for
example but not limited to, plural light emitting devices 121a,
1214, 121¢, 121d, 121e and 121/, for generating an optical
signal OS. The optical sensor 13 detects the optical signal OS
and generates an identification signal IS in response to the
optical signal OS. The identification signal IS can be gener-
ated by various approaches. For example, the image retrieved
by the optical sensor 13 is composed of pixels with different
brightness indices. In one embodiment, the pixels whose
brightness is larger than a predetermined threshold can be
selected and subjected to a predefined calculation to generate
an identification signal IS. More specifically, the predefined
calculation for example can be obtaining a center, a gravity
center, a selected representative point of the periphery, a sum
of'brightness indices, or a weighted sum of brightness indices
of the pixels whose brightness is larger than a predetermined
threshold. Certainly, the predetermined threshold is not nec-
essarily required, and the calculation to obtain a center, a
gravity center, a selected representative point of the periph-
ery, a sum or a weighted sum of brightness indices can be
based on all pixels. It should be understood that the above-
mentioned examples for generating the identification signal
are for illustrative purpose, but not for limiting the scope of
the present invention. Any method that can generate an iden-
tification signal IS relating to the size and the brightness of the
image of the reference object 12 formed on the optical sensor
13 is within the scope of the present invention. The controller
14 is coupled to the reference object 12. The controller 14
generates a control signal CS according to the identification
signal IS and outputs the control signal CS to the reference
object 12, to adaptively adjust the optical signal OS. The
optical signal OS can be, for example but not limited to, a
visible light signal, an infrared light signal or an electromag-
netic wave signal. In this embodiment, the optical signal OS
is an invisible light signal such as an infrared light signal, and
correspondingly, the light emitting devices 121a-121f are
infrared light emitting diodes capable of emitting infrared
light. However, in another embodiment wherein the optical
signal OS is in another form (e.g., a visible light signal or an
electromagnetic wave signal), the light emitting devices
121a-121f'should be correspondingly modified to other suit-
able devices. As shown in FIG. 1, the reference object 12 of
this embodiment has plural light emitting devices 121a-121f;
the number of the light emitting devices can be varied accord-
ing to practical needs. In this specific embodiment, the num-
ber of the light emitting devices 121a-121fs six. In addition,
the control signal CS includes a signal defining the light
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emitting number and a signal defining the light emitting
intensity. The signal defining the light emitting number
defines the number of the light emitting devices that are
turned-on. The signal defining the light emitting intensity
defines the light emitting intensity of the turned-on light
emitting devices. The optical sensor 13 is, for example but not
limited to, an image sensor capable of capturing the image of
the reference object 12, such as a CMOS image sensor or a
CCD image sensor.

Please refer to FIG. 2, which shows a schematic view of an
object tracking apparatus according to the first embodiment
of the present invention. As shown in FIG. 2, in normal
operation, the relative distance between the reference object
12 and the optical sensor 13 is within a medium and prefer-
able range, which is for example 1. Meanwhile in this
embodiment, for example, the control signal CS enables four
light emitting devices 121a, 1215, 121e and 121f'to be turned
on and two light emitting devices 121¢ and 1214 to be turned
off, and controls the light emitting intensity of each turned-on
light emitting device 121a, 1215, 121¢ and 121f'(e.g., to be a
predetermined light emitting intensity). The optical signal OS
generated by these four light emitting devices 121a, 1215,
121e and 121f7is a signal having a combinational effect result-
ing from the light emitting number and light emitting inten-
sity of these four light emitting devices 121a, 1215, 121e and
1211

Please refer to FIG. 2, FIG. 3A and FIG. 3B. FIGS. 3A-3B
illustrate that the object tracking apparatus of the first
embodiment of the present invention can adaptively adjust the
optical signal generated by the reference object. As shown in
FIG. 3 A, the relative distance between the reference object 12
and the optical sensor 13 is, for example, [.2, wherein [.2 is
greater than L1. In other words, the relative distance between
the reference object 12 and the optical sensor 13 shown in
FIG. 3A (i.e., the distance of .2) is longer than a medium and
preferable range. The optical sensor 13 generates an identifi-
cation signal IS in response to the optical signal OS. The
obtained identification signal IS is related to the size and
brightness of the image of the reference object 12 formed on
the optical sensor 13. The controller 14 compares the identi-
fication signal IS with a predetermined reference basis to
generate a comparison result. The predetermined reference
basis is related to a preferred size range and a preferred
brightness range for better identify the optical signal OS. The
preferred size range and the preferred brightness range for
example have an upper limit and a lower limit which can be
designed according to practical needs. When the relative dis-
tance is .2, the size of the image of the reference object 12
formed on the optical sensor 13 is smaller and the brightness
of'the image of the reference object 12 formed on the optical
sensor 13 is darker. As a consequence, the comparison result
indicates that the identification signal IS is not in a preferred
range (lower than the lower limit). In response to the com-
parison result, the controller 14 generates the control signal
CS and outputs the control signal CS to the reference object
12, adjusting the optical signal OS to enhance it. The optical
signal OS can be enhanced by increasing the light emitting
number alone, that is to increase the number of the turned-on
light emitting devices (for example from four to six, so that
the six light emitting devices 121a-121f are all in turned-on
state). Or, the optical signal OS can be enhanced by enhanc-
ing the light emitting intensity alone, that is to increase the
light emitting intensity of each turned-on light emitting
device 1214, 1215, 121e and 121f. Or, the optical signal OS
can be enhanced by increasing both the number and the light
emitting intensity.
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As shown in FIG. 3B, the relative distance between the
reference object 12 and the optical sensor 13 is, for example,
L3, wherein 1.3 is shorter than LL1. In other words, the relative
distance between the reference object 12 and the optical sen-
sor 13 shown in FIG. 3B (i.e., the distance of L.3) is shorter
than a medium and preferable range. The optical sensor 13
generates an identification signal IS in response to the optical
signal OS. The obtained identification signal IS, as described
previously, is related to the size and brightness of the image of
the reference object 12 formed on the optical sensor 13. The
controller 14 compares the identification signal IS with the
above-mentioned predetermined reference basis to generate a
comparison result. When the relative distance is L3, the size
of the image of the reference object 12 formed on the optical
sensor 13 is larger and the brightness of the image of the
reference object 12 formed on the optical sensor 13 is
brighter. As a consequence, the comparison result indicates
that the identification signal IS is not in a preferred range
(higher than the upper limit). In response to the comparison
result, the controller 14 generates the control signal CS and
outputs the control signal CS to the reference object 12,
adjusting the optical signal OS to reduce it. The optical signal
OS can be reduced by decreasing the light emitting number
alone, that is to decrease the number of the turned-on light
emitting devices (for example from four to two, so that only
two light emitting devices 121a and 121f are in turned-on
state). Or, the optical signal OS can be reduced by reducing
the light emitting intensity alone, that is to reduce the light
emitting intensity of each turned-on light emitting device
121a, 1215, 121e and 121f. Or, the optical signal OS can be
reduced by decreasing both the light emitting number and the
light emitting intensity.

The object tracking apparatus 100 of this embodiment
adaptively enhances the optical signal OS generated by the
reference object 12 when the relative distance between the
reference object 12 and the optical sensor 13 is longer,
thereby enhancing the signal intensity of the image of the
reference object 12 formed on the optical sensor 13. On the
other hand, when the relative distance between the reference
object 12 and the optical sensor 13 is shorter, the object
tracking apparatus 100 of this embodiment adaptively
reduces the light emitting intensity of the optical signal OS
generated by the reference object 12 or decreases the number
of the turned-on light emitting devices, so that the reference
object 12 consumes less power. In the conventional object
tracking apparatus, the light emitting devices of the reference
object are constantly turned on regardless of the relative dis-
tance between the reference object 12 and the optical sensor
13. In contrast, the object tracking apparatus 100 of this
embodiment is capable of adaptively adjusting the light emit-
ting number and/or the light emitting intensity of the light
emitting devices in response to different relative distances
between the reference object 12 and the optical sensor 13,
thereby greatly improving the control quality of the reference
object 12 and saving power.

Please refer to FIGS. 4A-4D, which show several examples
of'the shape of the reference object formed by the plural light
emitting devices indifferent arrangements. That is, the refer-
ence object 12 includes plural light emitting devices, which
are arranged to form a predetermined shape. The predeter-
mined shape can be, for example but not limited to, the
L-shape as shownin FIG. 4A, or the shapes as shown in FIGS.
4B-4D.

According to the present invention, preferably, the prede-
termined shape should have a feature that it does not repeat
when it is rotated by any angle between 0 degree and 360
degrees except that the shape at 360 degrees repeats the shape
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at 0 degree. (“Repeat” means that a shape has at least two
rotation states which present exactly the same orientation as
one another so that one rotation state can not be distinguished
from another by the orientation.) More specifically, for
example, if the plural light emitting devices are arranged in a
straight-line, than it repeats as it is rotated by an angle of 180
degrees; if the plural light emitting devices are arranged in a
triangle shape, than it repeats as it is rotated by an angle of 120
or 240 degrees; if the plural light emitting devices are
arranged in a square shape, than it repeats as it is rotated by an
angle of 90, 180 or 270 degrees; if the plural light emitting
devices are arranged in a circle shape, than it repeats as it is
rotated by whatever angle. In contrast, when any of the shapes
as shown in FIGS. 4A-4D is rotated by an angle between 0
degree and 360 degrees, it does not repeat (except that the
shape at 360 degrees repeats the shape at 0 degree). The
reason for such design is for better identifying the reference
object 12, so that even though the coordinate system of the
optical sensor 13 is rotated with respect to the reference object
12, the relative position and orientation (relative angle) of the
reference object 12 with respect to the optical sensor 13 can
still be identified.

Please refer to both FIG. 2 and FIG. 5. Whereas FIG. 2
illustrates that the optical sensor of the object tracking appa-
ratus is rotated by 0 degree, FIG. 5 illustrates that the optical
sensor of the object tracking apparatus is rotated clockwise by
30 degrees. In this embodiment, the six light emitting devices
121a-121fare arranged in an L shape; however, it should be
understood that L shape is only an illustrative example and
any other shape, such as but not limited to any one shown in
FIGS. 4B-4D, can be used.

When operating the object tracking apparatus 100, the user
may set up a basis angle between the optical sensor 13 and the
reference object 12 in the beginning. For instance, in the
beginning, the relative distance between the optical sensor 13
and the reference object 12 is L1 (which is within a preferable
distance range), as shown in FIG. 2. Hence, four light emit-
ting devices 121a, 1215, 121e and 121fof the reference object
12 are turned-on and the other two light emitting devices 121¢
and 1214 are turned-off. Because the optical sensor 13 is not
rotated with respect to the reference object 12, the image of
the reference object 12 is formed on the optical sensor 13 as
shown at the lower-left of FIG. 2. The optical sensor 13
generates the identification signal IS in response to the optical
signal OS and the basis angle between the optical sensor 13
and the reference object 12 is defined accordingly.

If the optical sensor 13 is rotated clockwise by 30 degrees
by the user as shown in FIG. 5, the image of the reference
object 12 formed on the optical sensor 13 is changed, as
shown at the lower-left of FIG. 5. The identification signal IS
generated by the optical sensor 13 in FIG. 5 is different from
that generated under no rotation in FIG. 2, and the difference
corresponds to the angle information of a 30 degrees clock-
wise rotation. Hence, a relative angle rotation of the reference
object 12 with respect to the optical sensor 13 can be obtained.
It should be noted that in the beginning set up step, it is not
necessary for the user to keep the optical sensor 13 unrotated
with respect to the reference object 12; in fact, in the begin-
ning, the optical sensor 13 can be rotated by any angle with
respect to the reference object 12 according to the user’s
habit, and such rotation angle can be defined as the basis
angle. Besides, in another embodiment, the basis angle rela-
tionship between the optical sensor 13 and the reference
object 12 can be a predetermined value instead of being
defined by the user through a set up step.

In addition to the angle information (rotation angle relative
to the basis angle), the above-mentioned approach can be
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used to obtain position information relative to a basis position
of the reference object 12, or relative to a basis distance
between the reference object 12 and the optical sensor 13.
Likewise, the basis position can be defined by the user
through a set up step in the beginning or can be a predeter-
mined value without being defined by the user.

As the reference object 12 has a predetermined shape (no
matter whether this predetermined shape will or will not
repeat after being rotated), if the optical sensor 13 fails to
detect and recognize this predetermined shape, the control
signal CS can be used to increase or to decrease the light
emitting number of the plural light emitting devices, and/or to
enhance or to reduce the light emitting intensity of the plural
light emitting devices until the predetermined shape is recog-
nized. It should be understood that the wording that “the
optical sensor 13 fails to detect and recognize this predeter-
mined shape” is a conceptual description, which includes
situations such as but not limited to that “the optical sensor 13
fails to detect a recognizable shape”, or “although the optical
sensor 13 detects a recognizable shape, the controller 14
cannot calculate to identify the recognized shape to meet the
predetermined shape”.

Please refer to FIG. 6A, which illustrates that the plural
light emitting devices of the reference object of the present
invention are sequentially turned on at different timings. The
reference object 12 of this embodiment has, for example but
not limited to, six light emitting devices 121a-121f, which are
arranged in an L. shape as shown in FIG. 5. These six light
emitting devices 121a-121f can be sequentially turned on at
different timings to generate the optical signal OS. For
example, in the beginning, the six light emitting devices
121a-121f are all in the off state. At the time point of t1, the
light emitting device 121¢ is turned on while the light emit-
ting devices 121a, 1215, 121d, 121e and 121f are still off. At
the time point of t2, the light emitting device 1215 and 1214
are turned on while the light emitting devices 121qa, 121c,
121e and 1211 are in the off state. At the time point of t3, the
light emitting device 121a and 121e are turned on while the
light emitting devices 1215, 121¢,121d and 121fare in the off
state. At the time point of t4, the light emitting device 121a
and 121fare turned on while the light emitting devices 1215,
121c¢, 121d and 121e are in the off state.

To sequentially turn on the plural light emitting devices at
different timings provides several advantages as described
below. First, the power consumption is reduced. Second, the
overall light emitting intensity is adjustable. Third, the light
emitting devices which emit light can be arranged to form
various shapes, which facilitates the judgment as to whether
the coordinate system of the optical sensor 13 is rotated with
respect to the reference object 12. Fourth, the relative rotation
of'the optical sensor 13 with respect to the reference object 12
can be identified according to the sequentially turned-on tim-
ings. For example, assuming that the plural light emitting
devices are arranged in a straight-line, when the straight-line
is rotated by an angle of 180 degrees, the shape of the straight-
line repeats the original shape as the straight-line is not
rotated. However, the rotation can be identified if, for
example, the plural light emitting devices arranged in the
straight-line at the rotation angle of 0 degree are sequentially
turned-on from the right-side to the left-side; thus, when the
straight-line is rotated by 180 degrees, the plural light emit-
ting devices will be sequentially turned-on from the left-side
to the right-side, and the different turned-on sequence indi-
cates the rotation. In other words, if the plural light emitting
devices are sequentially turned on at different timings, then
the shapes formed by the plural light emitting devices are not
limited, even if it may repeat after being rotated.
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Please refer to FIGS. 6B-6C, which are another example
illustrating that sequentially turning on the light emitting
devices at different timings aids the recognition. The plural
light emitting devices are arranged in, for example, the shape
shown in FIG. 4A. Although this shape will not repeat after
being rotated, if the noise level in the surrounding is high
(e.g., the air is more humid and causes more reflection of
light), the detected shape may be as shown in the middle of
FIG. 6B, or even as shown at the right of FIG. 6B. Under this
circumstance, although it is still possible to calculate the
center, gravity center or representative point of the shape, the
calculation to determine rotation is more difficult and there
may be more errors. However, if the light emitting devices are
sequentially turned-on by two groups, as shown by the time
points of t1 and t2 in FIG. 6C, then the calculation becomes
easier. In light of the above, the design of sequentially turn-
ing-on the light emitting devices can enhance identifying the
rotation the reference object 12 and/or reduce the difficulty
for calculation.

In prior art, the rotation angle is identified by an additional
detecting device, such as a gyroscope or a gravity sensor.
Such additional device is difficult to be integrated into a
single-chip with the other circuits and it increases the manu-
facturing cost. The present invention identifies the rotation
angle by the shape of the reference object or the turned-on
timings of the light emitting devices, which does not require
the additional detecting device and therefore is superior to the
prior art.

Please refer to FIG. 7, which shows a block diagram of an
object tracking apparatus according to a second embodiment
of'the present invention. The object tracking apparatus 200 of
this embodiment is substantially the same as the object track-
ing apparatus 100 of the first embodiment, but is different in
that the object tracking apparatus 200 of this embodiment
further comprises a communication unit 25 and a reference
distance detecting unit 26. The reference object 22, the optical
sensor 23 and the controller 24 of this embodiment provide
substantially the same functions as the above-mentioned ref-
erence object 12, the optical sensor 13 and the controller 14
do, and therefore they are not redundantly explained here.

The communication unit 25 is for transmitting the identi-
fication signal IS generated by the optical sensor to the con-
troller 24. The communication unit 25 can be, for example, an
infrared (IR) transmitting/receiving interface or a radio fre-
quency (RF) transmitting/receiving interface, which trans-
mits the identification signal IS to the controller 24. The
identification signal IS is received by an infrared receiver (not
shown) or a radio frequency receiver (not shown) coupled to
the controller 24. In this embodiment, the communication
unit 25 is shown for example as being coupled to the optical
sensor 23. Certainly, in another embodiment, it is also prac-
ticable to couple the communication unit 25 to the controller
24.

Please still refer to FI1G. 7. The reference distance detecting
unit 26 is coupled to the optical sensor 23 and generates a
reference distance signal RS according to the relative distance
between the reference object 22 and the optical sensor 23. The
reference distance signal RS is transmitted to the controller
through wireless transmission. Notably, in this embodiment,
the reference distance detecting unit 26 is shown for example
as being coupled to the optical sensor 23. Certainly, in another
embodiment, it is also practicable to couple the reference
distance detecting unit 26 to the reference object 22 or the
controller 24.

Please refer to FIG. 8, which shows a flowchart of a control
method of the object tracking apparatus according to a third
embodiment of the present invention.
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First, as shown in the step S101 of FIG. 8, the object
tracking apparatus provides a reference object having plural
light emitting devices, for generating an optical signal. Spe-
cifically, the optical signal can be, for example but not limited
to, a visible light signal, an infrared light signal or an electro-
magnetic wave signal. The object tracking apparatus arranges
the plural light emitting devices in a predetermined shape,
wherein the plural light emitting devices are sequentially
turned on at different timings to generate the optical signal.

Next, as shown in the step S102 of FIG. 8, the object
tracking apparatus detects the optical signal and generates an
identification signal in response to the optical signal.

Next, as shown in the step S103 of FIG. 8, the object
tracking apparatus compares the identification signal with a
predetermined reference basis to generate a comparison
result, and generates the control signal according to the com-
parison result. The object tracking apparatus then outputs the
control signal to the reference object, thereby adaptively
adjusting the optical signal. Specifically, the optical signal
can be adjusted by adjusting the light emitting number or light
emitting intensity of the light emitting devices.

Alternatively, as shown in the step S104 of FIG. 8, the
object tracking apparatus generates angle information or
position information in response to the identification signal
after the step S102.

The object tracking apparatus of the present invention is
capable of adaptively adjusting the light emitting number
and/or light emitting intensity of the light emitting devices
when the relative distance between the reference object and
the optical sensor changes, thereby greatly improving the
control quality of the reference object and saving power. In
addition, the object tracking apparatus is capable of detecting
the relative rotation information between the reference object
and the optical sensor, but does not require using an additional
detecting device.

The present invention has been described in considerable
detail with reference to certain preferred embodiments
thereof. It should be understood that the description is for
illustrative purpose, not for limiting the scope of the present
invention. An embodiment or a claim of the present invention
does notneed to achieve all the objectives or advantages of the
present invention. The title and abstract are provided for
assisting searches but not for limiting the scope of the present
invention. Those skilled in this art can readily conceive varia-
tions and modifications within the spirit of the present inven-
tion. For example, it is not necessary for the reference object
and the optical sensor to communicate with each other
through wireless communication; they can communicate
with each other through any approach. For another example,
the reference distance detecting unit is not limited to trans-
mitting the reference distance signal through wireless com-
munication; it can transmit the signal through any approach.
In view of the foregoing, the spirit of the present invention
should cover all such and other modifications and variations,
which should be interpreted to fall within the scope of the
following claims and their equivalents.

What is claimed is:

1. An object tracking apparatus, comprising:

a reference object having a plurality of light emitting
devices, wherein the plurality of light emitting devices
are sequentially turned on at different timings, for gen-
erating an optical signal;

an optical sensor for detecting the optical signal and gen-
erating an identification signal in response to the optical
signal; and

a controller for generating a control signal according to the
identification signal and outputting the control signal to
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the reference object, thereby adaptively adjusting a light
emitting number or light emitting intensity of the plu-
rality of light emitting devices;

wherein, by sequentially turning on the plurality of light

emitting devices at different timings, the plurality of
light emitting devices form a different shape when the
optical sensor and the reference object are relatively
rotated with respect to each other at every different rota-
tion angle, whereby the controller identifies a relative
rotation between the optical sensor and the reference
object.

2. The object tracking apparatus of claim 1, wherein the
optical signal includes a visible light signal, an infrared light
signal or an electromagnetic wave signal.

3. The object tracking apparatus of claim 1, further com-
prising:

a communication unit for transmitting the identification

signal to the controller.

4. The object tracking apparatus of claim 3, wherein the
communication unit includes an infrared transmitting/receiv-
ing interface or a radio frequency transmitting/receiving
interface.

5. The object tracking apparatus of claim 1, wherein the
controller generates angle information related to a relative
rotation angle of the reference object with respect to the
optical sensor or position information related to a relative
position of the reference object with respect to the optical
sensor.

6. The object tracking apparatus of claim 1, wherein the
controller compares the identification signal with a predeter-
mined reference basis to generate a comparison result, and
generates the control signal according to the comparison
result.

7. The object tracking apparatus of claim 1, wherein the
control signal adjusts the light emitting number or the light
emitting intensity of the plurality of light emitting devices, so
that the plurality of light emitting devices which emit light
form a predetermined shape.

8. The object tracking apparatus of claim 7, wherein when
the optical sensor fails to detect and recognize the predeter-
mined shape, the control signal increases or decreases the
light emitting number of the plurality of light emitting
devices, and/or enhances or reduces the light emitting inten-
sity of the plurality of light emitting devices.

9. A control method of an object tracking apparatus, com-
prising:

providing a reference object having a plurality of light

emitting devices, wherein the plurality of light emitting
devices are sequentially turned on at different timings,
for generating an optical signal, wherein, by sequen-
tially turning on the plurality of light emitting devices at
different timings, the plurality of light emitting devices
form a sequence of shapes, and when the optical sensor
and the reference object are relatively rotated with
respect to each other, the sequence of shapes is diftferent
at every different rotation angle;

detecting the optical signal by an optical sensor and gen-

erating an identification signal in response to the optical
signal;

generating a control signal according to the identification

signal and outputting the control signal to the reference
object, thereby adaptively adjusting a light emitting
number or light emitting intensity of the plurality of light
emitting devices; and

identifying a relative rotation between the optical sensor

and the reference object.
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10. The control method of the object tracking apparatus of
claim 9, wherein the optical signal includes a visible light
signal, an infrared light signal or an electromagnetic wave
signal.

11. The control method of the object tracking apparatus of 5
claim 9, further comprising:

generating angle information or position information in

response to the identification signal.

12. The control method of the object tracking apparatus of
claim 9, wherein the step of generating the control signal 10
according to the identification signal comprises:

comparing the identification signal with a predetermined

reference basis so as to generate a comparison result, and
generating the control signal according to the compari-
son result. 15

13. The control method of the object tracking apparatus of
claim 9, wherein the control signal adjusts the light emitting
number or the light emitting intensity of the plurality of light
emitting devices, so that the plurality oflight emitting devices
which emit light form a predetermined shape. 20

14. The control method of the object tracking apparatus of
claim 13, wherein when the optical signal fails to detect and
recognize the predetermined shape, the control signal
increases or decreases the light emitting number of the plu-
rality of light emitting devices, and/or enhances or reduces 25
the light emitting intensity of the plurality of light emitting
devices.



